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The purpose of this study was to identify risk factors for pneumonia diagnosed in the community by general
practitioners, using a case control study in 29 general practices in Nottingham, U.K. Patients with radiographically
confirmed pneumonia were compared with adults randomly selected from electoral registers corresponding to the
catchment areas of the general practices taking part in the study.
Sixty-six cases and 489 controls participated. Significant risk factors in univariate analysis included age, chronic
obstructive pulmonary disease, congestive heart failure and lifetime consumption of cigarettes. Multiple logistic
regression analysis of these four variables showed that age [adjusted odds ratio = 269 (for 30 year increment),
95%CI =l66–435] and chronic obstructive pulmonary disease (adjusted odds ratio=199, 95%CI = 115–345)
were independent risk factors.
Only age and chronic obstructive pulmonary disease were independent risk factors for pneumonia in this study.
Since cigarette smoking is the major cause of chronic obstructive pulmonary disease, these data suggest that
cigarette smoking is the main avoidable risk factor for community-acquired pneumonia in adults.
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Pneumonia, which was personified as the ‘captain of the
men of death’ by Osler at the turn of the century (1), has
remained a major cause of death worldwide, accounting for
more than five million deaths per year (2). In developed
countries, case fatality and crude mortality rates declined
dramatically during the middle of this century with the
dawn of the antimicrobial era. Nevertheless, pneumonia
coupled with influenza remains the sixth leading cause of
death overall and the fifth leading cause of death for thoseReceived 16 July 1999 and accepted in revised form 9 October
1999.
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0954-6111/00/050422+06 $35?00/0above 65 years of age in the United States, where it kills
more than 60 000 persons per year (3). In 1979, the U.S.
Surgeon General declared a national commitment to reduce
the rate of premature death due to pneumonia and
influenza in adults (4). Despite this commitment, the rate
of death due to pneumonia in the U.S. increased among
adults above 65 years of age from 1979 to 1986, while the
rate of death from all other causes in this age group fell
during the same period (5). More than 54 000 deaths are
attributed to pneumonia annually in England and Wales,
where diseases of the respiratory system are the third
leading cause of death, with pneumonia accounting for
61% of these deaths (6,7). The overall incidence of
pneumonia reported in dierent studies in developed
countries has ranged from 12–15 per 1000 persons per year
with no appreciable change in the last several decades
(8–11).
Knowledge of risk factors for a disease is necessary
before eective strategies for primary prevention can be# 2000 HARCOURT PUBLISHERS LTD
RISK FACTORS FOR PNEUMONIA 423devised. Men have had a higher incidence of pneumonia
than women in most studies, but the reason for this has
never been clearly determined in an epidemiological study
(1, 4, 9–26). Most studies that have investigated risk factors
for community-acquired pneumonia have included only
cases severe enough to be admitted to hospital
(4,12,13,26,27). Such studies exclude the majority of
pneumonia cases which are not admitted to hospital and
may reveal a combination of risk factors, some for
pneumonia and others for hospital admission. Never-
theless, one study, which evaluated risk factors for all cases
of pneumonia diagnosed in a small town in Finland, found
that five of the six risk factors for pneumonia treated at
home were also risk factors for more severe cases of
pneumonia requiring hospitalization (16).
The public health burden of pneumonia is expected
to increase during the next decade as the mean age of
the population in developed countries is predicted to
increase. The development of preventive measures must
rely on epidemiological studies to identify risk factors
that are amenable to intervention. We report the results
of a case–control study of risk factors for pneumonia
diagnosed in the community by general practitioners in
England.
Materials and methods
SELECTION OF CASES
Cases consisted of patients between 15 and 79 years of age
who were diagnosed as having acute, community-acquired
pneumonia in a prospective study by 29 general practi-
tioners in the city of Nottingham between 1 October, 1984
and 30 September, 1985 (28). Pneumonia was defined as an
acute lower respiratory tract infection for which an
antibiotic was prescribed associated with new focal signs
on chest examination and new radiographic pulmonary
shadowing. Review of preliminary data suggested that 200
cases of pneumonia could be diagnosed during the study
period.
SELECTION OF CONTROLS
The electoral wards corresponding to the catchment areas
of the general practices taking part in the study were
identified. A random sample of 661 persons was selected
from the electoral registers for these wards with the aim of
identifying at least three satisfactory controls for each case.
Responses from persons who stated that they had
previously had pneumonia as an adult or who were not
between the ages of 15 and 79 during the period of the study
were excluded.
THE QUESTIONNAIRE
A Respiratory Health Survey questionnaire, developed for
this study, recorded demographic data and elicited infor-
mation about regular contact with children, the number ofpeople living in the home, the number of rooms and
bedrooms in the home, type and amount of domestic
heating used in winter, type of cooking fuel, exposures to
animals and birds, occupation, history of occupational dust
exposure, history of tobacco smoke exposure, alcohol
consumption, history of pneumonia, tuberculosis, chest
injury, chronic illnesses and symptoms of chronic illnesses,
hospital admission within 5 years, immunization with
influenza vaccine and current medications. Questions on
respiratory symptoms were taken from the MRC chronic
respiratory disease questionnaire (29). The questionnaire
was piloted on adults working at the Communicable
Disease Surveillance Centre in London and their adult
family members. The questionnaire and study protocol
were approved by the Ethical Committee of the Notting-
ham Health Authority.
PROTOCOL FOR MAILING
QUESTIONNAIRES
Questionnaires were sent to all cases and controls between
March 1985 and June 1985 with an explanatory letter
inviting their participation. The letters emphasized the
public health importance of pneumonia and the need for a
better understanding of risk factors for this condition
without discussing any particular risk factor. Non-respon-
dents were sent a second questionnaire and letter one
month later, and if this elicited no response within a month,
a third was mailed. Questionnaires returned by the post
oce marked ‘gone away’ without a forwarding address
were abandoned. Questionnaires with unanswered ques-
tions were returned with a request for the missing
information.
DATA MANAGEMENT AND STATISTICAL
METHODS
Forms were checked and coded before computer entry, and
entries were verified by a dierent computer operator.
Occupation was used to code social class using the U.K.
Registrar General’s Occupational Class Groups (30). The
strength of univariate relationships between cases and
controls and categorical variables was assessed using w2
or Fisher’s exact test. Quantitative variables, which were
not normally distributed were analyzed using non-para-
metric methods. The planned sample size (200 cases and
600 controls) was selected to provide high statistical power
to detect dierences as small as 10% in the prevalence of
risk factors (e.g., 99% power for detecting with an alpha
value of 005, a significant dierence between a 12%
prevalence among cases and a 2% prevalence among
controls). A stepwise, multiple logistic regression was used
for multivariate analysis of the variables which showed
statistical significance (P 005) in univariate analysis. The
analyses were conducted using SAS on a VAX computer
(31). Measurement of the odds ratio from the logistic
regression analysis was performed as described by Fleiss
et al. (32).
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RESPONSE RATE
Questionnaires were mailed to the first 200 individuals
diagnosed as having pneumonia by the general practi-
tioners and to 661 controls in the Nottingham area. Usable
responses were received from 173 (865%) of the 200
patients diagnosed as having pneumonia and from 506
(765%) of the 661 potential controls. A majority of the
TABLE 1. Disposition of subjects and reasons for exclusion
Disposition and reasons for exclusion
Total forms mailed
Forms never returned
Forms returned
Included in the analysis
Excluded
Case with negative chest radiograph
Forms returned unopened by post oce ‘moved away’
Exceed age limits of study
Written letter of refusal
Subject blind
Subject illiterate
Deceased
Case not actually pneumonia
(alternative diagnosis made)
Case of pneumonia due to obstruction
Case already included for previous pneumonia
History of pneumonia as adult
TABLE 2. Demographic variables and environmental exposures
Variables Cases Co
Demographic
Male sex 36/66 (55%) 220/48
Age 544+SEM 439+S
Married 48/66 (73%) 324/48
Unemployed 6/66 (9%) 37/48
Social class
I 0 13
II 11 (19%) 87 (
III non-manual 13 (22%) 97 (
III manual 29 (50%) 145
IV 5 (9%) 61 (
V 0 28
Environmental Exposures
Child contact 20/65 (31%) 178/48
Gas stove 33/64 (52%) 300/48
Gas heat 51/64 (80%) 394/48
Bird 8/64 (13%) 63/48
Animal 23/64 (36%) 239/47
Dusty occupation 25/63 (40%) 134/48patients initially diagnosed by the general practitioners as
having pneumonia were excluded because of normal chest
radiographs (Table 1). Of those responding, 66 cases and
489 controls satisfied criteria for inclusion in the analysis.
DEMOGRAPHICS
The mean age of cases (54 years) was a decade older than
for controls (P= 0001). The proportion of cases who wereNumber (%)
Cases Controls
200 661
14 (7%) 90 (136%)
186 (93%) 571 (864%)
66 (33%) 489 (739%)
120 82
107 (535%) —
0 31 (46%)
0 23 (34%)
0 5 (08%)
1 (05%) 0
0 1 (01%)
5 (25%) 6 (09%)
2 (1%) —
3 (15%) —
2 (1%) —
— 16 (24%)
ntrols Odds ratio 95% CI
9 (45%) 147 085–254
EM 075
9 (66%) 136 074–251
9 (8%) 122 044–319
(3%)
20%)
23%)
(34%)
14%)
(7%)
6 (37%) 077 042–139
9 (61%) 067 039–117
6 (81%) 092 046–185
0 (13%) 095 040–218
6 (50%) 056 031–099
2 (28%) 171 096–304
RISK FACTORS FOR PNEUMONIA 425men was higher than for controls, but this dierence was
not significant. The distributions of social class, marital
status and employment were similar for cases and controls
(Table 2).
EXPOSURES
Cases were somewhat more likely to record a history of a
dusty occupation than were controls (40% vs. 28%,
P=0071), but there was no more contact with children,
gas stoves, gas heating, birds, or other animals among cases
(Table 2).
UNDERLYING ILLNESSES
The only diseases which were significantly more frequent
among cases were chronic obstructive pulmonary disease
(COPD) and congestive heart failure (Table 3).
ALCOHOL HISTORY
There was no significant dierence between the rates of
current or lifetime alcohol consumption for cases and
controls.TABLE 3. Underlying illnesses as risk factors for pneumonia
Cases
Respiratory
Chronic obstructive pulmonary
disease
27/66 (41%)
Asthma 3/62 (5%)
Tuberculosis 1/65 (2%)
Chest Injury 1/63 (2%)
Hay fever 4/58 (7%)
Acute sinusitis 6/56 (11%)
Chronic sinusitis 4/57 (7%)
Pneumonia in childhood 6/57 (11%)
Non-respiratory
Diabetes 2/65 (3%)
Cancer 1/66 (2%)
Chronic renal failure 0/63 (0%)
Congestive heart failure 9/65 (14%)
TABLE 4. Exposure to cigarette smoke
Cases
Passive smoking in home
in childhood 45/61 (74%) 3
in adulthood 15/65 (23%) 1
Current smokers 18/66 (27%) 1
Former smokers 29/66 (44%) 1SMOKING HISTORY
Cases and controls were equally likely to be current
smokers but cases were significantly more likely to be ex-
smokers (Table 4). Lifetime consumption of cigarettes
(computed as the product of the number of cigarettes
smoked per day currently or 1 year before, whichever was
greater, and the number of years smoked) was significantly
greater for cases than for controls (P = 003). There were
trends toward higher numbers of cigarettes smoked by
cases than by controls in each age stratum when the two
groups were stratified by age. The reported rates of passive
smoke exposure were similar for cases and controls
(Table 4).
MULTIVARIATE ANALYSIS
Each variable showing significance in univariate analysis
was then analysed in a stepwise, multiple logistic regression.
Only age (adjusted odds ratio = 269 [for 30-year
increment], 95% CI 166–435) and chronic obstructive
pulmonary disease (adjusted odds ratio = 199, 95% CI =
115 – 345) were found to be independent risk factors in
this multivariate analysis (Table 5).Controls Odds Ratio 95% CI
103/478 (22%) 252 142–446
16/479 (3%) 147 033–558
12/486 (2%) 049 002–361
17/484 (4%) 044 002–324
50/477 (10%) 063 019–192
48/460 (10%) 103 038–267
9/478 (2%) 393 098–1462
29/449 (6%) 170 060–457
6/479 (1%) 250 034–1411
14/486 (3%) 052 003–386
2/482 (04%) 000 000–3163
7/483 (2%) 1093 356–3412
Controls Odds ratio 95% CI
58/483 (74%) 098 052–188
17/421 (28%) 078 040–150
55/485 (32%) 080 043–147
37/485 (28%) 199 114–347
TABLE 5. Significant results of multiple logistic regression
Variable Adjusted odds ratio 95% CI
Age
30-year increment 269 166–435
63-year increment 825 296–2300
COPD 199 115–345
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Most previous controlled studies of risk factors for
community-acquired pneumonia have dealt only with
patients admitted to hospital, probably because most
investigators are hospital-based and patients admitted to
hospital have more severe disease. However, since most
patients with pneumonia are treated as outpatients, the
majority of cases of community-acquired pneumonia are
excluded from such studies (16,28,33). Published case series
have identified chronic obstructive pulmonary disease and
age as possible risk factors for pneumonia among patients
with disease severe enough to warrant hospital admission
(11,14,15,17–25,34–38) Four epidemiological studies have
confirmed that chronic obstructive pulmonary disease was
associated with cases of pneumonia admitted to hospital
(5,12,16,26). One of these studies found that chronic
obstructive lung disease was also a significant risk factor
for pneumonia cases not admitted to hospital (RR=30.
95%CI 23–39) (16); other significant risk factors included
alcoholism, asthma, immunosuppressive therapy, heart
disease (type unspecified) and age. Two of these epidemio-
logical studies demonstrated that cigarette smoking was an
independent risk factor after accounting for chronic
obstructive pulmonary disease and age (5,26). Another
controlled study of patients with pneumococcal infections,
a majority of which were pneumonias, also found a
significant excess of smoking in cases as compared with
controls (13).
The present study found that patients with pneumonia
diagnosed by general practitioners in the community were
significantly older and had a higher frequency of chronic
obstructive pulmonary disease than randomly selected
controls from the same communities. These data suggest
that the milder cases of pneumonia diagnosed in the
community, which generally do not result in hospital
admission, share an epidemiology similar to that of the
more severe cases which require admission. The study of
pneumonia epidemiology conducted in Finland also found
that risk factors were similar for cases of community-
acquired pneumonia whether or not they were admitted to
the hospital. The only discrepancy in that study for
pneumonia cases admitted and those not admitted to
hospital was the finding that alcoholism was a significant
risk factor only for cases not admitted to the hospital (16).
Patients with pneumonia in the present study were
significantly more likely to have congestive heart failure
than control subjects confirming an association with heart
disease noted by Koivula et al. (16) Lipsky et al. also foundan association with heart failure in a study of pneumo-
coccal infections, 92% of which were pneumonias (13).
Heart failure did not remain significantly associated with
cases in the multiple logistic regression analysis of the
present study, but as with smoking history, this may have
been due to the relatively small number of cases involved
and low statistical power to detect such an association. The
sample size was smaller than planned because two thirds of
those diagnosed as having pneumonia based upon history
and physical exam had no infiltrate on chest radiograph.
This in turn resulted in a lower statistical power than
planned (i.e., 88% power to detect a significant dierence
with an alpha value of 005 between a prevalence rate of
12% in cases and 2% in controls). This power calculation
applies to a univariate statistical test, however. Power for
detecting statistical significance in such a dierence in
multivariate analysis after adjusting for other significant
dierences would be still lower.
It should be noted that the present study occurred during
a year in which very fewMycoplasma pneumoniae infections
were diagnosed (28). This disease occurs with a dierent
epidemiology more as a contagious disease among young
adults—in marked contrast to the types of bacterial
pneumonia that predominated in this study (39,40).
The results of the present study suggest that the human
lung is compromised by age and by cigarette-induced
chronic lung disease and thereby predisposed to episodes of
acute bacterial pneumonia. Both of these factors are
biologically plausible as the rate of mucociliary cleansing
of the respiratory tract is diminished both with age and with
cigarette smoking (41). Smoking appears to be the major
avoidable risk factor for acute, community-acquired
pneumonia in adults.
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